The objectives of this study were to determine the proportion of the population that meets or exceeds Canada's Food Guide (CFG) recommendations regarding the number of daily servings of fruits and vegetables (F/V), to assess trends in this proportion between 2000 and 2013, to estimate the annual economic burden attributable to inadequate F/V consumption within the context of other important risk factors, and to estimate the short-and long-term costs that could be avoided if modest improvements were made to F/V consumption in Canada.
I
n Canada, excess weight, tobacco smoking, alcohol use and physical inactivity are among the top risk factors (RFs) in terms of their attributable disease burden in the population. 1 The annual economic burden in Canada ascribed to these RFs has been previously estimated. [2] [3] [4] [5] [6] There has been little emphasis, however, on inadequate fruit and vegetable (F/V) consumption, another important RF in Canada. The evidence indicating a protective effect of F/V consumption on coronary heart and cerebrovascular disease is both consistent and compelling, 7, 8 while the evidence for cancers is less clear. Early studies suggested such a protective effect exists 9,10 but more recent high-quality studies have not. [11] [12] [13] [14] There is a potential protective effect for cancers of the lung, 15 esophagus, 16 and head and neck. 17 Despite the health benefits of sufficient F/V consumption, the majority of Canadians are not meeting consumption guidelines. 18 The purpose of the current study is fourfold: 1) to determine what proportion of the population is meeting or exceeding Canada's Food Guide (CFG) recommendations regarding the number of daily servings of F/V, 2) to assess trends in this proportion between 2000 and 2013, 3) to estimate the annual economic burden attributable to inadequate F/V consumption within the context of other important RFs, and 4) to estimate the short-and long-term costs that could be avoided if modest improvements were made to F/V consumption over time.
METHODS
The details of our base model, which includes the RFs of excess weight, tobacco smoking, physical inactivity and alcohol use, have been previously published. [2] [3] [4] 19 In short, we used an approach based on population attributable fraction (PAF) to estimate the economic burden associated with the various RFs.
Risk factor exposure
The analysis of Canada's consumption of F/V used data from all iterations of the Canadian Community Health Survey (CCHS) between 2000/2001 and 2012. 20 The CCHS includes a derived variable (FVCDTOT) that combines data from six other variables to indicate the total number of times per day the respondent eats F/V. The CCHS states that it is measuring the number of times that respondents consume F/V; however, in the analysis of these data, Statistics Canada refers to the number of "servings" of F/V, and argues that at least one serving, on average, will be consumed each time F/V are consumed. 21 This likely underestimates actual F/V consumption. This conservative approach is favoured by Statistics Canada analysts, 22 and we have used the same assumption for our analysis. We also excluded potatoes (variable FVCDPOT) from our estimates of F/V consumption. 23 Although potatoes have a role in a healthy diet, they do not provide the same benefit in terms of preventing chronic disease as other non-starchy vegetables do. 24, 25 Sex-specific prevalence was calculated for age groups 1-4, 5-9, 10-11, 12-14, 15-17, 18-19, for five-year age groups from ages 20 to 79, and for age group 80 and older. Prevalence was calculated separately for each province, and for Canada as a whole. The territories were not investigated independently due to small sample size, but were included in the overall analysis of the country.
The 2004 CCHS had a focus on nutrition, and assessed F/V consumption for all ages, not just the population aged 12+. The same six questions that were used to assess F/V consumption among adults in other iterations of the CCHS were used for children in the 2004 iteration. 22 We used the data for children aged 1-11 from the 2004 CCHS to determine the relationship between F/V consumption in 1-11 year old children compared with 12-14 year old adolescents for all other years. The 2011 version of CFG recommends the number of daily servings of F/V based on the sex and age of the individual. 26 We used these age-and sex-specific recommendations to group individuals into the following five categories: To estimate the RR for each F/V category on coronary heart disease, the reciprocal of the RR multiplied by the adjusted mean grams per day below the recommended level was calculated for each category. For example, for E FV1 , e (−1×ln(0.96)×(126=80)) = 1.066
The RR for each of the four categories is shown in Table 1 . We assumed that the risk of cerebrovascular disease decreased by 32% (RR: 0.68, 95% CI: 0.56-0.82) for every 200 g/day increase in fruit consumption and by 11% (RR: 0.89, 95% CI: 0.81-0.98) for every 200 g/day increase in vegetable consumption, with a linear trend in this relationship and no significant differences in risk by stroke subtype. 30 Using 2012 CCHS data, we estimated that 52% of servings consumed by Canadians are fruits and 48% are vegetables (excluding potatoes), resulting in a weighted RR for F/V consumption of 0.76 (95% CI: 0.65-0.91). We calculated the RR for each category using the same formula as was used for coronary heart disease. We assumed that the risk of lung cancer decreased by 4% (RR: 0.96, 95% CI: 0.94-0.98) for each 100 g/day increase in F/V intake, with a non-linear dose-response relationship that has no additional benefit above a 400 g/day increase in F/V intake. 15 We calculated the RR for each category using the same formula as was used for coronary heart disease. We used the analysis by Freedman and colleagues 31 
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For all of the above relative risk calculations, we assumed that there are no significant differences in risk by sex.
Multiple exposure levels
We considered low F/V intake as a pentachotomous exposure; that is, five categories of exposure are involved. The PAF calculation for low F/V intake is as follows:
The following equation was used to adjust the crude PAF for overestimation that occurs when PAFs are calculated separately for each level of risk factor exposure:
unadjusted crude PAF sum of unadjusted crude PAFs
Calculating and adjusting costs
We estimated the economic burden associated with the RFs using a prevalence-based cost-of-illness approach, 33, 34 and reported this in 2013 Canadian dollars. We used a prevalence-based approach, as long-term estimates of health care costs for individuals with and without the given risk factors required in an incidence-based approach are not available. Direct costs, including hospital care, physician services, other health care professionals (excluding dental services), drugs, health research, and "other" health care expenditures, were extracted for each province from the National Health Expenditure Database. 35 In an extensive literature review in preparing for this analysis, we found limited evidence of a protective effect of F&V consumption on dental health. Hospital care, physician care and drug costs by sex were allocated to each of the co-morbidity categories based on data from the Economic Burden of Illness in Canada (EBIC) online tool for 2008. 36 EBIC cost data were not sufficiently detailed for a number of co-morbidities, including ICD-10 codes E11-14, I26, I71, I80-82, K55, K80-82, M45-54. In each of these situations, we estimated the costs based on the proportion of sex-specific acute hospital days in 2011/2012 for the broader co-morbidity category that are attributed to the disease of interest.
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EBIC 2008 does not allocate co-morbidity-specific costs for other health care professionals, health research, or "other" health care expenditures. These were estimated by calculating the proportion of total hospital, physician and drug costs that were allocated to each co-morbidity by EBIC 2008 and then assuming that this proportion would be the same for unallocated costs.
These sex-and co-morbidity-specific direct care costs were then multiplied by the calculated risk factor-, sex-, and co-morbidityspecific PAFs to calculate the direct costs attributable to a given RF. The direct care costs were segmented by cost category, sex, level of RF exposure, province, and specific diseases.
Adjusting direct costs in a multifactorial system
In order to calculate the combined PAF for all five RFs in a multifactorial system, we used the following equation:
Indirect costs
We calculated indirect costs (short-term disability, long-term disability, and premature mortality) following the method used in EBIC, 1998 (a modified human-capital approach). 39 We determined the ratio of direct to indirect costs for each diagnostic category within EBIC, 1998. 2 The pertinent ratios (by diagnostic category and specific indirect cost category) were applied to the previously identified direct costs within each diagnostic category attributable to individual RFs in order to generate the equivalent indirect cost data.
Sensitivity analysis
Sensitivity analyses were performed in which the putative protective association between F/V and cancers was excluded and the upper and lower RR CIs for all diseases were utilized.
Cost avoidance modelling
Changing unhealthy behaviours at the population level takes time.
We have therefore modelled a 1% annual relative increase in F/V consumption over 23 years. This model presents a scenario in which 1% of individuals who consume inadequate F/V will annually move closer to the recommended number of servings. We assume that anyone who was previously in category E FV1 or E FV2 would move into the category that consumes the recommended number of servings of F/V (and therefore incur no costs associated with the RF). Anyone who was previously in category E FV3 or E FV4 would move into category E FV2 (and therefore would incur the costs associated with category E FV2 ). The model also takes into account projected population growth. Finally, the results for F/V consumption are placed in the context of tobacco smoking, excess weight, alcohol consumption and physical inactivity. All future costs (and costs avoided) are provided in 2013 constant Canadian dollars.
RESULTS
In 2013, Canadians consumed an average of 4.38 servings of F/V per day. Consumption was higher for females (4.71 servings) than males (4.05 servings) at every age group (Figure 1 ). Average consumption decreased for males from ages 1 to 4 until age 30, before increasing modestly. Likewise, average consumption decreased for females from ages 1 to 4 until age 25, before increasing modestly. Just 20.7% of the population ages 1 and older met or exceeded CFG recommendations regarding daily F/V consumption (Figure 2) . A higher proportion of females than males met or exceeded CFG recommendations (25.3% and 16.0% respectively), and a higher proportion of males were in the lowest consumption categories. For example, 36.9% of males were five or more servings below CFG recommended daily servings. Alternatively, 17.9% of females were in the same category. A higher proportion of children than adults also met or exceeded CFG recommendations.
There is also significant variation by province in the proportion of the population age 1 and older who met or exceeded CFG recommendations, ranging from a low of 10.3% in Newfoundland and Labrador to a high of 25.9% in Quebec (Figure 3 ).
There was a statistically significant increase in F/V consumption between 2000 and 2007 in Canada, followed by a significant decrease to 2013 (Figure 4 ). This pattern was observed in nearly every province, except for Prince Edward Island, Saskatchewan and Manitoba.
The annual economic burden attributable to low F/V intake, physical inactivity, alcohol use, smoking and excess weight in Canada in 2013 was $67.3 billion (Table 2) . Of this amount, $4.39 billion ($1.47 billion in direct costs and $2.92 billion in indirect costs) is attributable to low F/V consumption. Of the $2.92 billion in indirect costs, $2.19 billion is attributable to premature mortality, $0.67 billion to long-term disability and $0.06 billion to short-term disability. As a result of the variation in prevalence between sexes, the annual economic burden attributable to low F/V intake among males is almost twice as high as females ($2.89 billion and $1.50 billion respectively). On average, the annual economic burden attributable to low F/V intake per capita in Canada is $127, ranging from a low of $115 in Ontario and Quebec to a high of $183 in Newfoundland and Labrador ( Figure 5 ). 
Sensitivity analysis
When using the upper and lower CIs of the RR values for low F/V consumption, the annual economic burden ranges from $1.78 billion (−59.5%) to $6.55 billion (+49.1%). Cancers contribute $0.78 billion, or 17.9% of the $4.39 billion. Excluding cancers from the analysis would reduce the annual economic burden to $3.61 billion (95% CI: $1.12-$5.63 billion).
DISCUSSION
Over three quarters of Canadians are not meeting CFG recommendations regarding the number of daily servings of F/V, leading to an annual economic burden of $4.39 billion. If a 1% relative increase in F/V consumption occurred annually between 2013 and 2036, the cumulative reduction in economic burden over the 23-year period would reach $8.4 billion. This reduction is calculated based on average rather than marginal costs and therefore does not represent potential cost savings. Rather, it represents the maximum change in economic burden over a period of time given specific assumptions about changes in risk factor(s). 3, 40 Several important conclusions might be drawn from this analysis. First, consumption levels appear to be highest in children, and steadily decrease until age 25 for females and age 30 for males. Unfortunately, consumption levels in children under the age of 12 are based solely on the 2004 CCHS, which differed from all other years possibly due to a change in the sequencing of data entry in 2004. 22 Parents are generally reliable when reporting their child's food intake, 41 particularly when both parents are present. 42 Second, consumption tends to be consistently higher for females than males. We assumed that the number of times F/V are consumed is the same as the number of servings consumed, which may partly account for the difference if males consume larger portions. Data purchased from AC Nielsen by the Canadian Produce Marketing Association, which assessed servings consumed, however, also found that the mean number of servings of F/V consumed was higher for Canadian females than males. In the September 2015 survey, females consumed an average of 4.48 servings of F/V daily, compared with 3.68 servings for males. A further comparison using AC Nielsen data also confirmed that the number of times F/V are consumed daily and the number of servings consumed daily are similar -the assumption favoured by Statistics Canada analysts and used in this study.
There has been a statistically significant increase in 43 The evidence of F/V consumption protecting against cancers is evolving. Early estimates suggested that approximately 23% of global cancer cases were attributable to low F/V consumption. [44] [45] [46] By 2006, estimates of the global proportion of cancers attributable to low F/V consumption had decreased to between 5% and 12%, 47 based on methodologically stronger studies. 48 A 2011 review of a series of large, prospective cohort studies concluded that there is little or no association between F/V consumption and cancers. 14 Excluding cancers from our analysis would reduce the annual economic burden attributable to low F/V consumption in Canada from $4.39 to $3.61 billion (−17.9%). MÉTHODE : Nous avons utilisé une méthode déjà élaborée, fondée sur les fractions attribuables dans la population, et une démarche de calcul du coût de la maladie fondée sur la prévalence pour estimer le fardeau économique associé à la faible consommation de F et L. 
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